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>C era 



' & ft & -f" a 9 a & J& m 

ft ft & ft fid ^ ° # 4£ ffl 

4- fid & BR ' ^ it £J 

i§ ' 44 #} A *t M it m # *4 

* & ^ ' t ffl U ft $ 



-7- a a 9 It *L -MF «i * * & ft » A 

ft n • m m & * a B a it m % & 

#j ft m ' ^ $ «j n & m. * £p # 

*h £P is f'J fid * * ' at ft * 

' «. "5T « *£ £ *b # $fr & -f- 

& & ^ ft ft *r « s*. $ ft ft fid st. 
r ' tt*rM.ftjtmjt&%.m i g. 

it & & *3 ft II ° 



& IS 
ft ft 

fid Jt 
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$ y& % U % Sr 1 1 & & 1 2 



jfc -f- a a a ft 2 



' (%t 1! H&3f& '■ Fiber-optic Tunable F iters and Intensity Modulators) 

Fiber-optic tunable fiters and intensity 
modulators based on fiber side-polishing technique 
in conjunction with photonic crystal structures 
have been new designed in this invention. The 
advantages of the photonic crystal structure 
attached to side-polished fiber surface were shown 
to provide filtering character i st i csthrough 
evanescent-field interactions. This is because of 
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11 m 2 1 $ -f- * ^ 4fc 2 2 



" (# a ^^#H : Fiber-optic Tunable F iters and Intensity Modulators) 

the photonic band-gap that the photonic crystal 
structure owns, i n t r i s i ca 1 1 y , By ex t er na 1 - con t r o 1 , 
the refractive index or volume of the hole 
materials can be adjusted to shift the photonic 
crystal band-gap and therefore the fiber-optic 
tunable filters and intensity modulators can be 
achieved, especially when high speed electro-optic 
polymer is employed and at certain wavelength, for 
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7t ' 3*2L$- 3 £-$# (#^^4 : Fiber-optic Tunable F iters and Intensity Modulators) 
thelatter. 

From the former to the present, fiber total- 
internal-reflection theory is undoubtedly to be 
obeyed for s i de - po 1 i s h ed f i b e r deviced and 
therefore the refractive index of external mediums 
on polished fiber is absolutely needed to be lower 
than the effective index of polished fiber 
devices. This is a serious limitation for side- 
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5* - £2L# a ^-i- (& a B£t& : Fiber-optic Tunable Fiters and Intensity Modulators) 

polished fiber devices to survive due to very few 
materials can satisfy the above criterion. In 
contrast to the very low refractive index of 
fiber, ~ 1 . 4 5 @ 1 55 0-um, refractive index of most of 
the tunable materials ilke polymers is around 1.5 
and the electro-optical materials is even higher 
than 2. Hence, the conjunction with photonic 
crystal structure on polished fiber, the above 
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7^ * ^ifflttl- (&*Ji&& : Fiber-optic Tunable Fiters and Intensity Modulators) 

limitation is not existed any more because of the 
contributions from photonic band-gap. All kinds of 
fiber active and passive devices based on fiber 
side-polishing technique can therefore be easily- 
fabricated, even the very high index materials are 
used. 
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i - tttmt&w (i) 

& w m M %l m m ok 



% % & - 3t & m. & n ^ & §8 ^ n » ml & - a #•] « 

& b s b It SL ^ 60 & A $ & H A & tfl £ H • 



*. 1ft & # 

# *fc 60 & m. m % ft #(Side-Pol ished Fiber) fa M m 
&&nBLjft¥jJ&3£. ' tiL ft It ># m. Evanescent F i e 1 d ) 

m inmini^^it^-- * «. 60 3& ^ *b t i^i 

& ' # i& EJ £j & & #1 it ; & fl& ' # ft ft *f *fc it 

21 ft #J & & & *h f §0 # <t ^ 'J> #J 0 & Ml ffi A* 60 # 

*r ^ 4i 4* # • m ^ ^ 60 ' ^&jtm.&3$rM^jL 

1 . 5 5mm & -ft .*£ 10 4£ 1 . 4 5 A ^ » -tfr _L 4i £ IS & # # t £> 

60 2d jfe - a a & g # a % % *r J5& & 60 #j i ^ n it # #t 

* # 60 # 34 $ ft * # # T • ii^tei^T4HI* 
.t it 4 1 « ^ jfe t it m ± ^ f A ^ i'J ' ##£7&i£tm. 

# 60 <fc it # A • 

^ j| i II j£3fc#£-jfc*W*&-( photonic network) 60 
*4#4fc«|7t#4L - > t T « I }f it f ;| lii ?i I: « t £ 

tftg^ & it 4i * -ft Sfe ' M i£ & T # *t & & m. m. 

t ' 21 E £ ^ 4 * 15] ?t & it it 41 HI fL A & HL m 60 Sk 
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i - (2) 

St • s - t m A $ -A n ft #*. * i * ^ & $q ^ it *fe ^ ^ 

^-7fe,*(tunable fiber Bragg grating) - ^ ^ ^ S- 

*6 fMtunable Fabry-Perot filter)* & ii - »T «fl ^ f 
?4 Jft * * IS (tunable thin-film f i 1 1 er ) 3l »T M & sf- it ; A 
j&ii(acousto-optic tunable filter) %r 3r ° $k\ fih • jit 
E3 * * M &. M #k 4# 3r tft £ * aft. & * # 3r ^, ' & # ^ # 
* «. 4£ * "J * A A # Si ^ a #j M M : * * ' 
*» T * IS, ® ^ 3 0 nm 3. Sl 9. $l -ft & & A at & it it 
m # 4" a* *a : nn i-jS H^^tsif f * & ft B9 • 

*r 5f ft « it IS & ' *'Jffl*ft^#ik*^ifc£&*ls]i£ 
#1 T IH it & ft 3r s*. • ft * it ffl ^ & & & A £ -x- #j it m % 
&l ° ^&%it&}$Ln&frifcit7iL^±&&m&*®^fofo 

: A ft if & ft & % & it m 9k. J6 fin it f J it Ml * ' $ fa ' 

IStfHIiEII:#?pf ' ifc jfc * * £ * A - 

M Mk ft it ' f ^ 6(J ^ ^ t * t T t t «t II ^ ifc t ?f{L II 



1. &##A##Sorin£1985#-«:ifc#>IJB4l^ik4»*afca* 

m & &m.7tftx#jit >n mm & \ & u m % $lm % & ttj &t. 
it m > a st « a -t ^ it m ft m # * & $l ft »r m & it m. it 
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3. - ®WtL*f\ (3) 

ik. H ' Sr + ^rmfc-kmX i£65nm • SL M it88°/o > 5. JH- 

* 5t ^ 1 nm ; is *'] m #k «4 £ 2r s*. fli ^ £ M & m, *k 

a * ' Ji^&lftWA^fc^&^^J^^jR^ifcifc** 

M & H ; M ffij ' #r ^ # % 5£ & ^ i£ 0 . 1 T J. * jfe # tfr 
1 . 3 nm £ ^ ' 4fc ^ ^ 4± fll i& ■ 

& 6d 3r > ^ * t ^ I ^ I f # # ± 1 it ^ ^ f I * t 

1 5~30nm A ;gr »r «q *I ft la SI ; 'i* 3" -fit ffl T M t # • @ 
itb & m # A ftj € M « J§& % & f # # Uj i^ it ' 4fc ft & 4l 1f ffl 
it ii. - 

4. a ^Yainagata ^Katsumi Takano # A. ^2 0 0 1 ^ dJ 

*'J ffl «t a "t % «fc # ^ a a a It t 4* #J A & ^ ft it 
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i - Mt£s/j (4) 

& & ft ' il-^^rtq^^-^## ' *f jl'J ft ifc fit f & 

ili^ll^ili j • « T & It 4L jS5 #■ tfc - 
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- iff m -r «l € & 



£fc j& fa 2fc ft %l & ^(Electro-Opt ical Polymer, EO 
Polymer) ° 

«. 4t Jl it its ' *ttt*fc#*t^4fr4**'flftBA*fc# 1 
Sfc ift - € & **. m * * * $t I A £ f # t 'li ^ KOptical 
Nonlinear .Effect) t ^l — fiti ft 0 
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i - &wttm (5) 

i ^ 1 M i 4. f i $t i * t < - fij ^ f ° { 

a & -l i& & ' & & mz-fo 

& ft -L i£ 4ft ft ' *ttt*-f-Hfeflt*3E4t*^-lfel« 
(Complete Photonic Band Gap) A # 5t & it -f- & I* 
(Incomplete Photonic Band Gap) — ° 

m ft X i& 4ft & ' * tttt* IS ?L ^ ^ # ?»J ^ ^ & it #i 

# ?<I 2r £ ^ # ia & 1i # ?'J ^ sfc * * -2L - • 

& ft _L i& ft & . £. t « * *t -fS ?L >|5] #J iQ. & # 2T ^ 
#. ^tf*$-tS7fc4ft**#-ifc:8 0 

m ft Jl 14 4ft *S ' £■ t « & *t -fi ?L >ig 60 i€ #i 14 # 7»J A 

& Is ^ % ~ a & & & & ~ & & m. : A m • & ^ : - & 

& W ^ i* >H M m * ft ft ' *t^^f B B 9 lttlrt'^f^ 
BR ; t tt $ i& m U i& >M Us. %r * ft ft * £ i£ t£ * * B 9 a It 4£ 
« • 4l*t«^«>fe-f-JfeRK^afe« ' 4& # t£ $ sit * * - # 

£ j& -ft. 60 & & + & I* FJL m % m ft a a a It ' ft i& EJ tg 

& 4ft 0 

m. ft _L i& 4ft * ' * tltlit^^f s#. - ^is • 

a ft .h i£ 4ft & > t tt $ *ftJ#*ftSj#-*4#t3 JW 

. *. ft Ji a& 4ft & . Jt t « & -f- A It t H * *t ^ *L 

• ?i >i§i t * # - * # ° 
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2- > IkWISLW (6) 

St & fa 2fc ft #J & ^ ^(Electro-Opt ical Polymer, EO 
Polymer) » 

j& - « & sfc J& - it Sfc i& & # # m. '\± 9£ M ( Op t i c a 1 
Nonlinear Effect) t 4l — ffij tfl ft - 

«. & .h it a ' * * « * it u ft n $t fa a m & a 

* ^ _L ifc & *S . ^ tt£f fbfH & fit f* # # 

4L«t*>a.*f-4t^ffijfto 

a & -L it # A ' Jttttifc^JfeBR-fcfcttjfc^-Jfel* 
(Complete Photonic Band Gap) A # 5t £ & -=f- & RR 
(Incomplete Photonic Band Gap ) t — 3 

& ft ± i& #t & • & + «& *L'fB?L>iq*.#?iJy5r5$ 1 j&i8. ^ 
# ?'J 2T. 3, A # i& #1 # ?»] ^ £. t 4L - • 

m. ft -t ifc fa . £. t t£ *t #1 *l ^ ^ it & # n JT & 

m ft ± it m & ' * t it ^ a >tsi ^ it ^ i± # *j 3- ^ 

& # .? * # - $ s$t*A.--# a ^ - & H 3 a 

«t ' I* m m % m * * * » & *nit^ 




IL « M^afl (7) 

* BR A ft. it « ?L ffl ■ *lJWt*#-#*,#*|-;*tt ft i% 
£tt#fe#44*.ft*-«.4fr#* » atttfttjfe^jfeflt^afe. 

& ' 4* ■« $ ^ m t - 4* -ft. 6$ & it ^ t* & -f- a a a ft ' 

4: * * t& I* PJL 4* # ft 3- a a a It >?n ig. ej t* & A • 

ft # _L i£ 4* & ' t i£ $ ift i* * ft © # - «f M ® 0 
ft ft _L i£ & ' % t i£ $ ^£ U ft © # - ST # JN 

a ft -L it $ & ' & t*£J*;fc##&-^##-sri5i'tfc 
afc^ffijefcft6«jfc^4fr(Electro- Optical Polymer, EO 
Polymer) 0 

ft 4dt -L i£ A ' ^ tt*^##^t#li$ #, B A * 
Sfc it * € ifc Jfc ife * ^ it 5tl -S. f # l^'li StKOptical 
Nonlinear Effect) & t ^ — © ft • 

' & + «#fc##4Lftii*#Hi6&afc 

ft ft -t i£ ft S ' * * m ft *& rr 4l & -a a tie m fL # 44 
^ft4*ii47f#i£©ft • 

ft # jl & * & ' * 1 1* & & br a & it * -T- m> m 

(Complete Photonic Band Gap ) JSL # 3t % ft * it RK 
(Incomplete Photonic Band Gap ) & 4l — ° 

ft ft _t ifi. ft *g . ^ tttt ?l ^ # 2r ^ £ it #J 
m n fj A & # it #§ -f± # ?'J 3r ^ * t - 0 - 

**J:i£** ' * tttt 4a ?l ^ it #j .j± # ?.j # & 
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3. * femtstw (8) 

ft & ± i& is . & t t£ 41 & ^ ?i m it & 'i± m n a 

^^4L#-S^^^.dJ-«^^^M ' & ^ : - it 

& ' * t ' 'I it f l ' 'lit f ^ t S ; W A - jfe f B B a f ' 
ttW^tttfiftift^ft* ' £■ t t£ it a a a It t * # - it 

P& ; # tiE $ i& 3 ^ * *% * ft © ft * it H IS it B a a It & 
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#7 (Electro-Optical 
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Polymer) • 

ft # Ji ifc 4ft & ' *t«*^L#444i*r«-##a ^ ^ it 
5fc ^ * € it 5fc J6 * it Sfc Jfe JBl it # # & -\± tit MCOpt ical 
Nonlinear Effect) ^ t - mi 1^ f », 
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3L « ®WiSLW (9) 

(Complete Photonic Band Gap) 3l # & *£ & jfe RR 
(Incomplete Photonic Band Gap) ^- «f — ° 







Jl S£ # 


S • * t it It -fa ?l ag ^ # ?<j 3r ^ $ it & 


•fck # ?'J 




ia # *t # ?'J ^ A * t - • 








s > * t n $l *t -fa ?i # it # m n ^ & 


#. -fr 




i* & * 


■3- * #J — 5fe & ° 


tit -L 




« ' 


4* i& i% $t -fa ?L >l=I ift iS 4fl -te >5r if #> # 


a" #S 




Ml * # 


6f] - * $S o 






# » * 












IT «fe IT 








n 




^ J£ - 


ffl ( a ) > & % ^ m - $l & t: w & m, : a 


& n 4l 


J* 


4ft SI ' 


* t & ❖ - * *i mi 


12A- 




m. i#(E 


vanescent Field)^S©ll - — it a a a 


2 1 * 1: t ^ t 1 


i ia ?L m 2 1- » ^ t ^' it ^ # f S 1 1 # ^ - 


* «f 


if 


* — tfr 


4t i^J #J jfe «H >T ^. #T ^ ' # m Tfe ^ B a a ft 2 


HA Ftt ^ $ 




S®11 ' * t £ ^ a B a It 2 t * * ^ *t ^ ?L 




» 17 H 



2. > %r*ftiSLW (10) 

m 2 1 > ^ a «. at « *l h 2 1 t*}»-*j-**^rfii«*sfc 

ffij at ft #J $ -f * ^ ^(Electro-Optical Polymer)22 - 
fii £ it -f- a a a M2 #r * # #j ft 43 ?l >ra 2 1 t ' * # # s£ *T 

a & it m m n * & & # m. m *t *m«j ^ ^ * t ^ - • # 
& & & 1? # & • & *a *t ^ ^- ^, -r « ^ — si 

( a ) a *r it & 1 2 # 3" s£ # n • ^^j.x^^-®(b)j-xf i 
it & 1 2 ft 3r ^ # o 

* m & i h r ?l m 2 1 * ^ -f- £ ^ 4fc 2 2 ft # 

«■ $ £ #'J ffl & it M * € & A j& * f #t 
•l±Sfcife(Opticar Nonlinear Effect) '-ft t ^ - ^ « HI ? 

fti«^ j ?-*^^2260ft**'=r*ir«fe^sfcife * « « sfc a 

22 # *f It $ flt ft ' * A i£ f-J it a a a 142 t #r * # ^ it 
■7- P£(Photonic Band-gap) ± W «. • 4& # it £12 t 

6difc*i*t*-&iitB>')|ii£i#*3t*llB^ ' f it it -=F a a a It 2 

a 3l H * it B a a It 2 *r * M it -f- m # £ R 4t it & 1 2 

RK 60 $ ft M & t & it ^ a a a It 2 » #t fln © $J it & 12 t 1 
* # $w ; fl& * -£ & -ft # it M ® & it ^ m ffi #} j& «. * IS] fln 

^ * £ * 'J ' ^&^i&iBit&12j-i£.A > f ^ it ^ a a a It 2 ' 

^^ifcitit^^ll*^^^it^^^(i^?4*^^^*^ 
it ) .6^ Sfc *. - 

tt #. ^ ~ ffl ' * ^ ^ * - *t ^ * afe #1 ^ it m }fe is 
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3. - &WttLW (11) 

m. ft ^ & m ' ^#fcS12*1.30~1.60um#&afc-& » «q &| 
$ * ^ 4fc22 ft ft A # JN- * ' # * A ft 2 * # # 

jfe-?-lfel«4Lift.&«-4.*M.55um • ^ A «. »T $r 1 . 5 5um -R ft 
7fe,jS{Ht*^?fc*lt«^^tfi ' flft £■ & -a. # & *'J 
S # Jfc Jfe I* . 55um-& «. ^ W ffij * & £ $J > #L rfn i& £ & 

*#-«*=.ffl(a)-(c)-' * £ * It - *t * * frj ^ * 

jft^ss^-ife^jfeRR^^ffl ' & * * 4r dj » £ ?l >b 2 1 ^ ft 

3$. & ^ a 9 a ft 2 rft ^ ^ jfc j& 1 « I * ^ it « * & JBt ) # ^ #J 

_t *hA T • fl6»Ej«(a)-(c)JI'J***#Jft^-ft«1«* 

tt^sai^i) ' & & & n m ®t * m ft & # ? n * 

tW«*^-f-*-^^722fi<i*f-4t#iLft* ' -i-A^rte^&^fc 
ft # - & A ' it fln «. # * ft 3fc J# + 

>v - f it & B a a it 2 ) * ± m & * m m ft g ffl ( e; i-j * & 1 2 

' it * 'ft # ^ * $ it j# ^ ^ it * i 

II ' Jl £ 31 # & 3£ £ IE ^ if # i& 3" ° 

If # S3 % JZL ffl ( a ) 3l ( b ) .' A *■ ffc - 4£ & * «fe W & 

m *it b it ^- m ^ ft m • **tT^-iii-xjii4^7fe5^>i 
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s. > (12) 

m ft s «. # w it « « n > *$nni**inftfc^*-ai 0 

#7 #J *f # ^ A It flt ft # & -f" B a a it J. £ ^ & in br & «. #t 

1. 515um~l. 546um ft 1 . 554um~l. 5 67um af . fj- ^ & & # ^ 
& 4fc & i & # £ £ 515um~l. 546um ffij f • ♦ A 

$. - & 3f fjj pg »|4c # £J > - & 53 ft «p x «& * fpj 6fj «If ^ > SI 

* a i ^ f f ^ ' T^^l # *4 ffl * -f- Jl fft ft # 

it * & & m & & w m & ^ # ' a /& # jji # a tw ft # 

^*HSit# ' * # T *J ft # : 

1 . $ # & T J-X flc * ^ ft SL m % « ft ffl 6<j #J ^ Jt *fc it 

; Rp«&*4**A4t«-^^'f&^#j|4^--srft 

2 . ^ fit n & -f- b 9 b It ft £P ?l >mj it #r JN- * It * «r at ft # 

# ' %. ft & * 1& m *r & ® m #) " m & & m & & n " • * 
t «r«i«^* s *° a % * * »j #j * a # & " • 

3 . 4s. £ & -T- ^ I* »T « & £ & & -f- HI BK ( comp 1 e t e 
photonic band gap) I, # ^ ^ jfe ^ I (incomplete 
photonic band gap) - ft m tf] & & It ^ it m tJL & ^ ^i* Vi 

W - <® * & £ ' * # ^ s$L -k ^ it % n & n -s # -fc ^ ^ ^ ^ 

P^: ' ft -e >^ * # it 5fi * ; fla^^^ife^JlfeBRS*.*:^^ — 

' % & & * 4- & * # *J itb * -f- n i 5 ^.; # 
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